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Description 

This invention relates to dry powder inhalation 
devices and in particular t an inhalation device in which 
a dose of powdered medicament is aerosolised for inha- s 
lation by a patient, which aerosolisation is independent 
of the patient's inspiratory effort 

Asthma and other respiratory diseases have long 
been treated by the inhalation of appropriate medica- 
ment. For many years the two most widely used and con- 10 
venient choices of treatment have been the inhalation of 
medicament from a drug solution or suspension in a 
metered dose pressurised inhaler (MDI), or inhalation of 
powdered drug generally admixed with an excipient, 
from a dry powder inhaler (DPI). With growing concern is 
being voiced over the strong link between depletion of 
the earth's ozone layer and chlorofluorocarbon emis- 
sions, the use of these materials in pressurised inhalers 
is being questioned and interest in DPI systems has 
been stimulated. 20 

Known single and multiple dose dry powder devices 
use either individual pre-measured doses, such as cap- 
sules containing medicament which is inserted into the 
device prior to use, or incorporate a bulk powder reser- 
voir from which successive quantities of medicament are 25 
transferred to a dispensing chamber. Whilst it is desirable 
to utilise the action of a patient's breathing both to aero- 
solise powdered drug in the device and inhale the pow- 
der, thereby overcoming the coordination problems 
necessary to synchronise inspiration with means for 30 
medicament release, the efficiency of aerosolising the 
particles of powder is dependent upon the patient's 
inspiratory effort and in some cases a patient having 
breathing problems, e.g., during an asthmatic attack, 
may have insufficient inspiratory effort to aerosolise and 35 
inhale the required dose of medicament at a time when 
the patient has the greatest need for drug. 

Agglomeration is caused by particles of medicament 
adhering together in a semi-rigid mass, and requires an 
increased inspiratory effort by the patient to break up and 40 
entrain drug particles into the air stream. If the patient is 
unable to provide sufficient inspiratory effort the extent 
of drug penetration into the tower airways of the lung will 
be reduced. Larger agglomerated drug particles 
(approximately 1 0jxm or greater) which result from inef- 45 
ficient aerosolisation are not stably entrained into the 
patient's air stream and prematurely deposit in the 
mouth/throat region which may lead to unwanted sys- 
temic side effects, especially when potent drugs are 
administered. so 

Some inhalation devices have attempted to solve 
the problems attributable to agglomeration and medica- 
ment release, for example, U.S. Patent Specification 
Nos. 3,948,264, 3.971 ,377 and 4, 1 47, 1 66 disclose inhal- 
ers for dispensing medicament in the form of a dry pow- ss 
der contained in a rupturable capsule. After breaching 
the capsule the patient is required to externally manipu- 
late means for operating a power source to provide the 
input ol energy, necessary to release medicament from 



the capsule, whil simultaneously inhaling through the 
device. 

U.S. Patent Specification No. 3,948,264 which is 
considered to represent the closest prior art discloses 
the use of a battery powered solenoid buzzer to vibrate 
the capsule effecting medicament release. 

U.S. Patent Specification No. 3,971 ,377 discloses 
the use of a propeller to generate an airflow effecting 
medicament release. The power source comprises an 
electric motor, battery and external switch combination 
or a threaded plunger arrangement. 

U.S. Patent Specification No. 4,147,166 discloses 
the use of an impeller to generate sufficient air turbu- 
lence to effect medicament release. The power source 
comprises a battery driven motor, a compressed gas 
power turbine or a hand power driven differential gear. 

These devices are unsatisfactory as they permit 
deaggtomeration/aerosolisation to take place for an 
uncontrolled period of time prior to inspiration, addition- 
ally, the patient may forget to activate the device before 
inhalation. Thus, the size and effectiveness of the dose 
received by the patient's respiratory system may vary 
between individual patients and/or between individual 
occasions of use. 

British Patent Specification Nos. 898649 and 
1479283 disclose dry powder inhalers comprising either 
a manually squeezed bellows or bulb to generate greater 
than atmospheric pressure in an air reservoir. Inspiration 
by the patient operates a valve mechanism which dis- 
charges the compressed air into a chamber containing 
a dry powder capsule and hence into the patient's respi- 
ratory system. However, the aforementioned devices 
remain patient dependent even though the energy used 
to aerosolise and deagglomerate the powder is not sup- 
plied by the patient's inspiratory effort. The degree of 
pressure exerted upon the bulb or bellows will affect the 
energy supplied by the compressed air which in turn will 
effect the nature of the dose of powdered drug inhaled. 
For example, old, arthritic or very young patients may 
exert considerably less pressure than a more able indi- 
vidual. Similarly those individuals afflicted with an 
asthma attack find the devices cumbersome and/or com- 
plicated at a time when they are under severe stress. Fur- 
thermore, in each case the patient must remember to 
operate the squeezy bulb or bellows prior to inhaling, and 
must continue to exert pressure on these means during 
inhalation. 

DE-U-8806288 discloses a device for dispensing an 
aerosol from a pressurised aerosol container which 
includes a cocking device comprising lever and spring 
for readying it for release of the pressurised aerosol, a 
sear for retaining the cocking device in a non-operative 
position following readying and a vane operable by inha- 
lation on the part of a user to disable the sear to thus 
release the cocking device to effect expulsion of aerosol 
from the aerosol module. 

According to the present invention there is provided 
a dry powder inhaler comprising a housing defining a 
chamber for receiving a dose of powdered medicament 
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in communication with a patient port in the form of a 
mouthpiece or nasal adapter, the inhaler additionally 
comprising: 

deagglomeration/aerosolisati n means to deag- 
glomerat and/or assist a rosolisation of said dose of $ 
powdered medicament, which means is operable by a 
patient-independent energy output source 
characterised in that: 

the powdered medicament is preloaded upon an elon- 
gate carrier in the form of a tape, and the inhaler is con- w 
structed and arranged such that areas of tape, of a 
predetermined size, are sequentially exposed within said 
chamber, and the inhaler additionally comprises: 

detection means to detect patient inspiration 
through the patient port, and 15 

control means to actuate said deagglomera- 
tion/aerosolisation means in response to detection of 
patient inspiration by said detection means. 

The present invention provides a dry powder inhaler 
capable of dispensing reproducible doses of powdered 20 
medicament in terms of both dose size and state of deag- 
glomeration, by offering performance independent of a 
patient's inspiratory effort, manual dexterity, physical 
strength rf ability to coordinate separate movements 
such as breathing and starting to squeeze, or breathing 25 
and pressing a button or lever during administration of 
the medicament 

The inhaler is made patient independent by the 
incorporation of a patient-independent energy output 
source for deagglomeration/aerosotisation of medica- 30 
ment and a breath actuation mechanism, responsive to 
inspiratory flow, able to synchronise medicament release 
with inhalation. Thus, in order to receive a dose of med- 
icament, the patient simply inhales through the mouth- 
piece. The detection means detects the patient's 35 
inspiration and triggers the deagglomeration/aerosolisa- 
tion means which operates to ensure efficient aerosol i- 
sation of the medicament in the air stream. The energy 
for operation of the deagglomeratton/aerosolisation 
means during inspiration is independent of the patient's 40 
inspiratory effort and does not require any manual effort 
by the patient during the administration of the medica- 
ment. 

In a most preferred embodiment, the medicament 
source comprises a pre-loaded elongate carrier, as dis- 45 
closed in our co-pending British Patent Application No. 
8909891 filed on the 28th April, 1989 and in EP-A-0 472 
598. 

Devices utilising an elongate carrier provide a sim- 
ple, effective dry powder inhaler which is capable of so 
delivering multiple, uniform doses of a medicament to a 
patient. The device is simple to operate and does not 
require the patient to insert capsules of medicament or 
rely upon a separate reservoir of medicament in order to 
load the device for use. The medicament is preloaded on 55 
an elongate carrier, sections of which are passed 
sequentially into the chamber for dispensing the medi- 
cament. The elongate carrier may be conveniently 
loaded on a spool (in a similar manner to a photographic 



film) or in a cassette (in a similar manner to an audio 
cassette). The el ngate carrier may have any ratio of 
length : width but is pr ferably greater than 5:1, more 
preferably greater than 10 : 1 and more preferably 
between 100 : 1 and 1000 : 1 

The preloaded elongate carrier can take a variety of 
forms, but preferably is a tape, web, belt or cord. The 
powdered medicament may be retained on the carrier by 
electrostatic attraction, van der Waals forces, physical 
attraction, mechanical binding, wedging or by a cover 
layer or an overlying layer of the same carrier when the 
carrier is wound etc. One or more surfaces of the carrier 
and optionally the interior of the carrier may be config- 
ured to assist in retaining the particles of powder. 

The carrier may be constructed from one or more of 
a wide range of natural and synthetic materials e.g. pol- 
yethylene, polypropylene, polyester, polytetrafluoroeth- 
ylene or a co-polymer thereof and cellulose. The 
materials may be in the form of non-woven fibrous mate- 
rials, loose weave materials or fabrics, materials having 
a surface pile, films, microporous materials, micro- 
grooved materials, cords of twisted fibres, or any material 
or composite of more than one material having small sur- 
face grooves, recesses, interstices, apertures or 
embossed surface structures having a typical size of 
<500 M-m in either depth or height and of greater than 0.1 
urn in at least one other dimension in order to retain the 
particles of powder. 

A microgrooved material preferably comprises a 
tape, web or belt with one or more grooves of width 10 
to 500 pm at the carrier surface and a depth of 1 0 to 500 
(mm, but the grooves may generally have dimensions at 
least an order of magnitude larger than the largest par- 
ticle. The microgrooves may be filled partially, or com- 
pletely, the latter facilitating a means of dosage control if 
the material is loaded under uniform conditions. The 
microgrooves need not be continuous or straight and 
may run in one or two dimensions. 

A microporous material preferably comprises a tape, 
web or belt having pores of diameter 0.1 to 1 00 \im which 
may be randomly orientated. At least a portion of the 
pores must be on the exterior surface. A preferred 
method of pore formation utilises solvent extraction of oil 
droplets dispersed in a film of carrier material. 

A further embodiment of a microporous material is 
produced by a laser drilling process and comprises a 
tape, web or belt having pores of diameter 1 to 100 ftm, 
preferably 20 to 50 jim, in at least one surface. 

A non-woven material may be of any suitable format, 
but is preferably in the form of a tape, web or belt. It may 
contain any type and form of fibres, although f tores of 0. 1 
ixm to 1 00 \im diameter are preferred and most preferably 
5 to 20 fun diameter. Fibres may be of any appropriate 
length but preferably 1 to 100 mm. Formation of the non- 
woven material may be any suitable method, for exam- 
ple, combing or carding, deposition of fibres from a trans- 
port gas or fluid, or the extrusion and blowing of 
microfibres. Bonding, e.g. by thermal fusion, of the fibres 
over at least part of the area of the material may be car- 
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ried out to increase the mechanical strength of the mate- 
rial. Such bonding may be most conveniently situated at 
the edges of the tape or web and may be conveniently 
formed as part of a process of slitting the tape, e.g., by 
a thermal or laser slitting m ans The material may also 5 
be perforated or embossed and may optionally be air per- 
meable. 

The non-woven material may use a mixture of ftore 
compositions or forms. In one preferred embodiment, 
bicomponent fibres, with a readily-fusible outer compo- 10 
nent, are used. Such fibres are capable of ready inter- 
bonding to prevent, or minimise fibre shedding. In 
another preferred embodiment, spun-bonded f fores are 
used to achieve the same objective by taking advantage 
of their longer fibre length. In a third embodiment, con- 15 
tinuous reinforcing filaments may lie in the plane of the 
material, so providing fibre anchorage and conferring 
additional mechanical strength to the material. In a fourth 
embodiment, paper type non-woven materials formed by 
deposition of fibres from a liquid may be used, as they 20 
may possess additional strength compared to other 
materials and may lead to reduced fibre shedding, due 
to increased fibre entanglement. 

The tape, web or belt may contain reinforcing 
threads in the plane of the material and/or a backing layer 25 
e.g. a metal foil such as aluminium, or a polymer film or 
a combination thereof. A metallized backing layer is 
advantageous when the carrier is stored as a roll 
because it imparts a conducting surface, which may 
reduce transfer of medicament from the coated surface 30 
to the uncoated surfaces. The backing layer may have 
perforations to allow for passage of an airflow through 
the carrier material proper. 

The carrier may be loaded by the brushing, scraping 
or smearing of powdered medicament onto the carrier 35 
surface. 

Alternatively the carrier may be loaded by evapora- 
tion from a suspension of medicament, by precipitation 
from a solution of medicament or by deposition from an 
aerosol for example by spraying, impaction, impinge- 40 
ment, diffusion or by electrostatic or van der Waals 
attractions. For example, the medicament particles may 
be given an intentional electrical charge immediately 
prior to loading. The technique of charged aerosol dep- 
osition may be complimented by the use of a carrier with 45 
an inherent electrostatic charge. Ideally the carrier 
should be an insulator such as polytetraftuoroethylene 
capable of retaining the charge, alternatively the carrier 
may contain an artificial charge due to the presence of 
electrets. Generally, the choice of loading technique will so 
be governed by the properties of the carrier material 
employed. 

Masks stencils etc. may be employed during coat- 
ing, in order to allow the coating of discrete areas of car- 
rier medium with individual doses. Patterned deposition 55 
of the medicament may be used to prevent contact 
between drug and any ink markings on tape. 

A preferred carrier for use in this invention is dis- 
closed and claimed in EP-A-0 955 463 That Patent Appli- 



cation discloses a flexibl sheet material comprising a 
plurality of discrete depressions in at least one surface 
thereof, each of the depressi ns having a depth of about 
5 to 50011m, but less than the thickness of the sheet 
material, and an opening at the surface of the sheet 
material of about 10 to 500 urn across, a substantial 
number of the depressions being at least partially filled, 
preferably at least 75% filled, with micronised medica- 
ment, and the area of the surface of the sheet material 
between the depressions being substantially free of 
micronised medicament. 

The flexible sheet material may comprise a substan- 
tially regular array of depressions or microdimples 
formed in the top surface of a layer of polymeric material. 
The depressions are generally truncated cones, but may 
alternatively be of any suitable configuration for holding 
micronised medicament including generally truncated 
pyramids, partial hemispheres and tetrahedrons and 
other geometric configurations or non-geometric config- 
urations. Presently preferred depressions have a side- 
wall angle of about 15 to 20° to the vertical. The array of 
depressions may take any form or pattern and need not 
be regular (i.e., the array may be irregular in appear- 
ance). 

The depressions generally have a depth of about 5 
to 500pm and an opening at the surface of the sheet 
material of about 1 0 to 500^m across with respect to the 
major axis of the opening. In the case of the depressions 
having generally circular openings such as truncated 
cones or partial hemispheres, for example, the major 
axis discussed above is, in fact the diameter of the cir- 
cular opening. Preferred depressions have a depth of 
about 1 0 to 100jim and an opening (e.g., diameter in the 
case of truncated cones or partial hemispheres or the 
like) at the surface of the sheet material of about 50 to 
200fim. The depressions generally will be spaced about 
20 to 200pm, preferably about 50 to 200fim t from one 
another. Preferably the depressions will number from 
about 500 to 1 5,000 per cm 2 of the sheet material. The 
volume of each depression and the spacing or number 
of the depressions will depend upon the potency of the 
medicament and the area of the sheet material intended 
to represent a single dose of the medicament. Preferably, 
the sheet material will have a substantially uniform 
depression volume per unit area. 

The sheet material may further comprise a support 
layer, e.g., of paper. The layer of polymeric material may 
be laminated or melt-bonded to or extruded onto the sup- 
port layer. Other support layers may be formed of non- 
wovens or polymers such as polyester. 

The layer of polymeric material may comprise any 
suitable polymer such as polyethylene, polypropylene, 
polyester, polytetrafluoroethylene and cellulose. Poly- 
ethylene is preferred. The layer of polymeric material will 
be typically about 25 to lOOjim in thickness. 

The sheet material may be formed of a single mate- 
rial such as polypropylene. The support layer is not 
required in such an embodiment since the sheet material 
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even without the support layer will exhibit sufficient integ- 
rity and durability. 

A preferred sheet mat rial is prepared using poly- 
ethylene-coated kraft pap r available from Schoeller 
Company. The depressions have a depth such that they 
do not form pores extending through the entire thickness 
of the sheet material. 

The top surface of the sheet material is generally 
coated with micronised drugs to at least partially fill the 
depressions followed by general removal of excess drug 
from the top surface of the sheet material in the areas of 
the top surface between the depressions, e.g., by scrap- 
ing optionally followed by rolling between silicone pads. 

As the packing density of the micronised medica- 
ment in the depressions may have influence on the form 
and amount of medicament released from the sheet 
material during the aerosolisation process, care should 
be taken to assure that the packing density remains sub- 
stantially uniform during the coating process. 

The opening and depth dimensions and the spacing 
of the depressions influence how much micronised med- 
icament the sheet material can carry per unit area for a 
given degree of compression of the medicament during 
loading or coating. Further, depression depth may influ- 
ence the degree to which mecficament is released from 
the sheet material and its relative state of agglomeration 
or unagglomeration. Using salbutamol sulfate with a 
mean particle size of 1 .7 and for single impactions 
of strength appropriate to an inhaler on areas of about 2 
to 10cm 2 of sheet material, the following was observed. 
The percentage of medicament retained on the sheet 
material or tape decreases as depression depth 
increases, this being about 95% at 14fim, about 60% at 
28jim and about 35% at 45nm. Further, the respirabfe 
fraction (i.e., the percentage of drug which is in particles 
of aerodynamic diameter of equal to or less than about 
6.4iun) similarly decreases as depression depth 
increases, this being about 65% at 1441m, about 30% at 
28|im and about 10% at 37jim. These two trends result 
in the proportion of total medicament released in parti- 
cles of respirable size remaining generally similar for the 
depression depths studied (this being about 5 to 1 5% of 
total medicament). 

Depressions may be formed in the sheet material by 
any suitable technique such as micro-imprinting using a 
photolithographically-patterned magnesium alloy plate 
or other micro-machined plate. Other conventional tech- 
niques which may be used are optical imaging or laser 
imaging. 

As an illustrative example a sheet material has been 
prepared using a photolithographically produced etched 
magnesium alloy master plate having an array of pyram- 
idal-shaped protuberances numbering about 1550 per 
cm 2 wound about a steel roller. The roller was heated to 
about 1 07°C (225°F) using oil. Trie polyethylene surface 
of polyethylene-coated kraft paper (commercially availa- 
ble from Schoeller Company) was pressed against the 
surface with a rubber or steel nip roll, also heated with 



oil and hydraulically pressurised against the patterned 
roll. 

It is preferred that the medicament employed exhibit 
a potency which permits a single dose to be loaded onto 

5 the sheet material in an area of less than about 25cm 2 
and preferably less than about 5cm 2 . More preferred is 
a sheet material containing a drug in such a manner and 
of such a type that between 0.25 and 2.25cm 2 , most pref- 
erably between 0.5 and 2.0cm 2 , of the sheet material will 

10 contain a single dose. Stated differentiy, given that a 
sheet material of the invention may conveniently carry 
between about 10 and 150p.g of medicament per cm 2 , 
the potency of the medicament will preferably be such 
that a single dose may be carried on the above stated 

15 0.25 to 2.25cm 2 of sheet material. 

The format of the carrier in the most preferred 
embodiment is a tape. The nature of the carrier dictates 
the method of transport between storage means and the 
chamber where aerosolisation takes place. In a preferred 

20 embodiment, storage of preloaded carrier is effected by 
winding on a spool which is contained within a cassette. 
Use of a tape web or belt allows other conformations to 
be imparted to the stored carrier by folding, for example, 
as a concertina conformation which has the advantage 

25 that the medicament bearing surfaces are in association 
and thereby prevent net transfer of medicament during 
storage. Each fold may define a unit dose of medica- 
ment. Folding along the longitudinal axis of the tape, 
referred to as hybrid folding, may also reduce unwanted 

30 net transfer of medicament Cord or string may conven- 
iently be stored as a coil. 

The device includes means for advancing the elon- 
gate carrier through the chamber to sequentially expose 
areas of the carrier for release of medicament during 

35 inhalation by the patient. The means for advancement 
may take a variety of forms depending upon the type of 
elongate carrier and whether the exposed areas of car- 
rier are to be retained within the device. For example, 
tapes webs and belts may include a series of apertures 

40 which are engaged by one or more sprocketed guide 
wheels or rollers in a similar manner to a camera or 
printer. Alternatively, or in addition, the carrier may be 
wound on a take-up spool, rotation of the spool directly 
or via a drive belt causing the carrier to advance. The 

45 device may also include means for tensioning or other- 
wise maintaining the exposed area of the carrier within 
the chamber during inhalation by the patient. 

The elongate carrier may be advanced into the 
chamber prior to inhalation by the patient preferably or 

so the carrier may be advanced into the aerosolisation 
chamber during inhalation to protect the powdered med- 
icament from premature exposure. For example in one 
embodiment of the inhaler an unexposed area of carrier 
is rapidly advanced into the chamber upon actuation, 

55 and is rapidly decelerated or brought to an abrupt halt 
and preferably is impacted thereby imparting sufficient 
energy to the medicament particles to effect their dis- 
placement from the carrier into the air stream. 
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In the preferred embodiment of the invention the 
elongate carrier is stored in a cassett both before and 
after exposure. The cassette may comprise one or pref- 
erably two spools together with idlers or other rollers and 
include an exposure frame positioned within the Cham- 5 
ber, through which the carrier is advanced. The cassette 
may be removable to allow the device to be recharged 
with a new cassette. However, it is not essential for the 
exposed areas of the carrier to be retained within the 
device and spent carrier may be advanced to the exterior 10 
of the device through a slot in the housing whereupon 
disposal may be effected by the patient optionally with 
the aid of a cutting edge. This arrangement is particularly 
suitable for a tape carrier which has transverse perfora- 
tions to facilitate tearing off spent carrier. 15 

The predetermined area of carrier to be exposed in 
the chamber may be from 0.1 to 20 cm 2 and preferably 
from 2 to 3 cm2. The medicament may coat one of more 
surfaces of the carrier and/or be entrapped within inter- 
stices in the carrier to allow a dose of 5 \xg to 1 mg to be 20 
entrained within the airflow produced at inhalation. It is 
not essential that all of the drug be so entrained within 
the airflow, providing the amount of drug released from 
the predetermined area is reproducible on consecutive 
use. 25 

The device may additionally include means to indi- 
cate one or more of a variety of parameters, such as, 
readiness for use, contents remaining, type of drug etc. 

The incficator may just provide warning of the near- 
exhaustion of the medicament supply or it may provide 30 
more detailed information, such as the sequential 
number of the dose or the number of doses remaining. 
The indicator may additionally provide information to the 
date of manufacture or date of expiry of the medicament, 
as additional examples. For treatment intended to be 35 
taken regularly at set times, the indicator may display the 
intended day, date and time of administration. The infor- 
mation displayed by the indicator may conveniently be 
marked on the tape or tape covering by any appropriate 
method, whether involving printing, indenting etc. The 40 
area of tape in the indicator need not be that used to 
release the drug at that time. 

Dry powder inhalation devices comprising an elon- 
gate carrier may possess numerous advantages over the 
prior art devices. For example: 45 

1 . An inhaler with dosage control by the removal of 
powder from a fixed area of uniformly coated tape 
shows improved dose uniformity and respirable frac- 
tion uniformity over prior art devices. High respirable so 
fractions are desirable because they allow a high 
proportion of the drug to be inhaled into the lungs to 
provide therapeutic benefit, and reduce the propor- 
tion of the drug causing unwanted systemic side- 
effects following swallowing from the mouth and ss 
throat region. 

2. The inhaler allows the accurate administration of 
smaller quantities of undiluted potent drugs (typi- 
cally below 200 u.g) such as corticosterioids, than is 



currently possible. This removes the problems asso- 
ciated with the use of exdpients. 

3. The storage of pur , powdered medicament on 
the surface of a tape lends itself to dosage adjust- 
ment or the use of different drugs with the minimum 
of effort and without reformulation work. 

4. The inhaler is suitable for use with a wide variety 
of different medicaments. 

5. By controlling the tape or web dimensions, a pre- 
cise number of doses for inhalation can be stored in 
the inhaler. 

6. The tape can be marked to allow the inhaler to 
register the exact number of doses remaining, or 
alternatively some counter mechanism can be 
driven by the tape advance mechanism. 

7. The amount of drug inhaled and the degree of par- 
ticle deagglomeration are independent of the 
patient's inspiratory effort overcoming the require- 
ment for hand/lung co-ordination, while at the same 
time, providing a consistent dose each time for all 
patients, irrespective of lung function. 

8. As aerosolisation/deagglomeration of the drug is 
not dependant on the air flow rate, patients can be 
taught to inhale slowly, unlike most dry powder inhal- 
ers, thus reducing unwanted drug impaction on the 
back of their throats. 

Generally, the medicament aerosoiisation/deag- 
glomeration means causes release of medicament from 
the dose source and disintegration of particle agglomer- 
ates by mechanical energy input independent of patient 
effort. The method employed may be any one or more of 
a number of suitable physical processes, such as impac- 
tion or vibration, brushing or scraping, or the use of a gas 
f tow derived from a compressed or liquefied gas supply 
or the use of air turbulence generated by a propeller or 
impeller. The selection of which method is to be 
employed varies with the medicament source, e.g., cap- 
sule, elongate carrier, or powder reservoir and transfer 
member. Accordingly, we shall illustrate the invention 
with reference to the use of an elongate carrier, although 
the general principles may be applied to inhalers using 
capsules, transfer members, etc. 

The medicament release means serves to weaken 
the binding of the medicament particles to the carrier and 
disintegrates particle agglomerates by mechanical 
effort, e.g., impaction, vibration, gas flow etc., or electro- 
statically. Mechanical deagglomeration/aerosolisation 
energy input may be achieved by: 

(i) impaction means, e.g., one or more spring biased 
striking hammers having one or more impactions 
upon the exposed section of carrier; 

(ii) brushing or scraping means having rotary or 
reciprocal motion upon the exposed section of car- 
rier, e.g., spring charged or electrically driven rotary 
elements having projecting bristles or flaps; drag- 
ging the carrier across irregularities such as a ser- 
rated idler wheel or a surface bearing a plurality of 
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embossed structures or similar surface features, or 
dragging the carrier over an edge or corner having 
a small radius of curvature such that the medica- 
ment b aring surface is given a sharp convex cur- 
vature; 

(iii) pressurized gas flowing past, through or imping- 
ing upon the carrier, emanating from some com- 
pressed or liquefied gas supply; 

(iv) vibration means for imparting vibration to the 
exposed section of carrier, generally in the fre- 
quency range 5 to 250.000 Hertz; the vibrations may 
be derived electrically or piezo-electrically, e.g., 
using the piezo-electrical properties of polymer 
PVDF 2 ; electromagnetically, e.g.. using an electro- 
magnetic vibrating arm or pin, or mechanically, e.g., 
using rotating cams or serrated wheels, which may 
involve rapid revolution of the cam or wheel in con- 
tact with the carrier or movement of the carrier 
across the cam or wheel. 

In a further embodiment, alternative vibration means 
may comprise means for the rapid acceleration of the 
elongate carrier, preferably from an unexposed storage 
state, into the chamber followed by a sudden and rapid 
deceleration preferably to a dead stop to facilitate med- 
icament release. In such an arrangement the loosely 
bound particles of medicament are given sufficient 
kinetic energy to effect release and deagglomeration 
from the carrier as the carrier comes to a rapid halt In a 
further embodiment the elongate carrier is maintained 
as a slackened loop following advancement into the 
chamber. Upon actuation, tensioning means effects a 
sudden and rapid straightening of the carrier loop caus- 
ing particles of medicament to be released and deag- 
glomerated. The loop may be positioned in any 
orientation relative to the patient port but in a preferred 
embodiment the centre of curvature of the loop is posi- 
tioned between the carrier and patient port so that the 
particles of medicament are released towards the patient 
port when the loop is rapidly straightened. 

Medicament release efficiency may be increased 
when the carrier and/or the medicament particles have 
an intentional charge by reversing the polarity of the car- 
rier at aerosolisation and inhalation. 

The deagglomerati on/aerosol isation means is trig- 
gered in response to the patient inhaling in order to avoid 
the patient having to synchronise inhalation and actua- 
tion of the medicament release mechanism. Airflow 
detection may conveniently be accomplished by means 
of a movable vane positioned within the chamber or 
patient port motion of the vane causing actuation of the 
release mechanism, although, any suitable flow sensor 
able to detect a developing air stream may be used. The 
vane may be spring biased to return to a home position. 
Such a vane may also be constructed to prevent a patient 
exhaling through the device and/or preventing exhaled 
air from reaching the stored medicament thereby avoid- 
ing any problems associated with moisture ingress and 



agglomeration. Other such sealing means may also be 
mployed. 

A control system is included which activates the aer- 
osol isation/deagglomeration mechanism in response to 

5 the detection of a developing air stream through the 
device. The control system may be an lectrical or 
mechanical linkage between the flow sensor and means 
for aerosolisation, the selection of which is dependent on 
the type of flow sensor and the type of aerosol isa- 

10 tion/deagglomeration mechanism to be employed. For 
example, in a device having a movable vanefor detection 
purposes, displacement of the same may effect closure 
of a microswitch or reed switch, thereby completing a cir- 
cuit including a battery to power an electric motor turning, 

75 for example, a propeller or powering a solenoid buzzer. 
Alternatively vane displacement may effect release of a 
simple catch restraining a spring loaded striking hammer 
from impacting with a carrier or transfer member. 

Suitable medicaments for use in the invention 

20 include any drug or drugs which may be administered by 
inhalation and which is either a solid or may be incorpo- 
rated in a solid carrier. Suitable drugs include those for 
the treatment of respiratory disorders, e.g.. bronchodila- 
tors, corticosteroids and drugs for the prophylaxis of 

25 asthma. Other drugs such as anorectics, anti-depres- 
sants, anti-hypertensive agents, anti-neoplastic agents, 
anti-cholinergic agents, dopaminergic agents, narcotic 
analgesics, beta-adrenergic blocking agents, prostog- 
landins, sympathomimetics, tranquillisers, steroids, vita- 

30 mins and sex hormones may be employed. 
Exemplary drugs include: 
Salbutamol, Terbutaline, Rimiterol, Fentanyi, 
Fenoterol, Pirbuterol, Reproterol, Adrenaline, Isoprena- 
line, Ociprenaline, ipratropium, Beclomethasone, Beta- 

35 methasone, Budesonide, Di sodium Cromoglycate, 
Nedocromil Sodium, Ergotamine, Salmeterol, Flutica- 
sone, Formoterol, Insulin, Atropine, Prednisolone, Ben- 
zphetamine, Chlorphentermine, Amitriptyline, 
Imipramine, Cloridine, Actinomycin C, Bromocriptine, 

40 Buprenorphine, Propranolol, Lacicortone, Hydrocorti- 
sone, Fluocinolone, Triamcinolone, Dinoprost, Xylom- 
etazoline. Diazepam, Lorazepam, Folic acid, 
Nicotinamide, Clenbuterol, Bitolterol, Ethinyloestradiol 
and Levenorgestrel. Drugs may be formulated as a free 

45 base, one or more pharmaceutical^ acceptable salts or 
a mixture thereof. 

The powdered medicament may be finely micro- 
nised by repeated step wise millings or a closed loop mill- 
ing system and preferably is in the particle size range of 

so 1 to 1 0 \im. The medicament may comprise one or more 
drugs, having one or more particular forms and may 
include one or more physiologically acceptable or inert 
excipients. The medicament particles may possess a 
coating comprising a surfactant, such as a pert luorinated 

55 surfactant or other surfactants such as Span 85, oleic 
acid, lecithins. 

The invention will now be described with reference 
to the accompanying drawings in which; 
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Figure 1 is a section through an inhaler in accord- 
ance with the present invention having battery pow- 
ered impaction means for deagglomerati- 
on/aerosolisation. 

Figures 2a to 2d illustrate an inhaler of the present s 
invention having spring loaded impaction means for 
deagglomeration/aerosolisation. Figure 2a is a front 
view, Figure 2b a rear view and Figure 2c a ventral 
view of the device exterior. Figure 2d is a transverse 
section through the inhaler along the axis A- A . 10 
Figures 3a and 3b illustrate an inhaler of the present 
invention having a battery powered revolving brush 
for deagglomerating/aerosolising medicament 
Figure 4 is a section through an inhaler in accord- 
ance with the present invention having battery pow- 15 
ered vtoration means for deagglomerati- 
on/aerosolisation. 

Figures 5a to 5c illustrate an inhaler of the present 
invention having scraping means for medicament 
deagglomeration/aerosolisation and a housing 20 
assembly having a cover. Figure 5a is a section 
through the device in closed format; Figure 5b is a 
section through the device flow sensor during 
patient inhalation and Figure 5c is a section through 
the device in open format at medicament aerosoli- 25 
sation. 

Figures 6a and 6b illustrate sections through alter- 
native inhalers of the present invention. 

Referring to Figure 1, an inhalation device (1), for 30 
use with powdered medicament comprises a housing (3) 
defining interconnecting compartments (5) and (7), and 
aerosolisation chamber (11). Compartment (5) contains 
a battery (13) and may be accessed by the patient to 
replace an exhausted cell. 3s 

The housing comprises a body portion (45) and 
cover (47) pivoted about (49) and movable between an 
open position (as shown) and a closed position. While 
the device is not in use, the cover minimises the contam- 
ination resulting from dirt or moisture ingress. Body por- 40 
tion (45) defines interconnecting compartments (5) and 
(7) and an aerosolisation chamber (11). Compartment 
(7) contains integral carrier storage spool (51), carrier- 
engaging guide rollers (53) and integral carrier take-up 
spool (55). such that carrier (57) may be sequentially 45 
advanced across an exposure frame (59) in communica- 
tion with the aerosolisation chamber. Dose advancement 
means are not shown, but may comprise mounting the 
take-up spool on a drive shaft extending through the 
housing, which may be manually turned with the aid of so 
a knurled knob. Alternatively, a suitable gear train may 
be connected to the take-up spool and a recessed dose 
advancement wheel or lever mounted in the housing to 
affect dose advancement Compartment (7) also con- 
tains control mechanism (19), ss 
deagglomeration/aerosolisation means comprising a 
solenoid (61) and striking hammer (63) and reed switch 
(65) completing an electric circuit with battery (13). When 
the device is not in use, reed switch (65) is open, such 



that the aforementioned circuit is incomplete, thereby 
preventing solenoid actuation. 

In use. an unexposed portion of carrier (57) is 
advanced to the exposur frame by the patient before 
displacement of cover (47) and inhalation through 
mouthpiece (25). An air flow is generated through the 
device via vent (67) to patient port (23). Displacement of 
vane (31) during inhalation causes member (35) to tran- 
siently close reed switch (65), such that the control 
mechanism (19) selectively activates solenoid (61) caus- 
ing hammer (63) to impact upon the exposed section of 
the carrier. Impaction of the hammer with carrier (57) 
releases medicament particles of respirable size into 
aerosolisation chamber (11), whereupon they are 
entrained into the developing air stream as the patient 
inspires. 

Referring to Figure 2a, a front view of an inhaler hav- 
ing indirect breath actuation of impaction means is illus- 
trated, vane (85), explained hereinafter, has been 
omitted to illustrate how the exposure frame (59) pre- 
sented to the patient by insertion of mouthpiece (25) into 
the buccal cavity, defines the exposed area of elongate 
carrier (57). Striking hammer (69) is held in an armed 
position by catch (71) and is released by the detection 
of an air flow through the device. 

Figure 2b depicts a rear view of the inhaler of Figure 
2a and illustrates the position of air vents (73), striking 
hammer arming rod (75) and dose advancement lever 
(77) recessed in slot (79). 

Figure 2c depicts a plan view of the inhaler of Fiqure 

2a. 

Fiqure 2d depicts a section through the inhaler along 
the axis A- A. The inhaler comprises: a housing (1) having 
an extension (81), for purposes of indirect breath actua- 
tion with integral air vents (73), the housing defining an 
aerosolisation chamber (11) in communication with 
patient port (23) and air vents (73). Carrier (57) is taken 
up by spool (55). Carrier storage means are not shown 
but typically would also be a spool. 

Unexposed carrier (57) is sequentially advanced 
across exposure frame (59) by recessed lever (77) driv- 
ing a suitable gear train (83) turning spool (55). Striking 
hammer (69) is primed by the patient prior to inhalation 
by retracting spring biased rod (75) until catch (71) is 
engaged. 

Vane (31) is capable of being displaced when an air 
flow is generated by patient inhalation through the 
device. The vane is spring biased (not shown) to return 
to the displaceable home position when the air flow is 
halted. Displacement of the vane (31) produces an inter- 
action with catch (71) to release the striking hammer 
(69). Impaction of the hammer with carrier (57) releases 
medicament particles of respirable size into aerosolisa- 
tion chamber (1 1 ), whereupon they are entrained into the 
developing air stream as the patient inspires. 

Vane (85) ensures unidirectional flow of air from the 
exterior atmosphere, via air vents (73) to patient port 
(23), by being displaceable in the forward direction only. 
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Movement in the reverse direction upon patient exhala- 
tion is prevented by stop (43). 

In a modification (not shown) the vanes (31) and (85) 
may be replaced by a single vane. 

Referring to Figures 3a and 3b, an inhaler having 
both integral carrier storage spool (51), take up spool 
(55) and brushing/scraping means for aerosolisation is 
illustrated. Carrier (57) is sequentially advanced across 
the carrier support (87) in contact with a spring powered 
or electrically driven (not shown) rotary brush (89). 

Indirect breath actuation is provided by the displace- 
ment of vane (31) by a developing air stream during 
patient inspiration, thereby completing an electrical cir- 
cuit containing a battery and a motor (not shown) to drive 
rotary brush (89), or alternatively allowing a tensioned 
spring mechanism (not shown) to revolve the brush. 

Figure 4 illustrates an inhaler of reusable format 
comprising a disposable cassette (91) with part of the 
housing and disposable cassette cut away. The cut away 
illustrates the relative position of carrier storage spool 
(52) and carrier take up spool (56) within said cassette 
to the gear train driving carrier advancement (83). Spools 
(52, 56) are engaged respectively upon cassette inser- 
tion by spindles (only spindle (52a) for the storage spool 
is shown). An inhaler of disposable format may be pro- 
duced by replacing cassette (91 ) with integral spools (51 , 
55) not shown. Sequential advancement of fresh carrier 
(57) to exposure frame (59) is completed by a recessed 
dose advance wheel (93) engaging gear train (83) and 
revolving take up spool (56). Solenoid buzzer (1 7) is acti- 
vated by completion of a circuit containing a battery cell 
(not shown). This may be achieved by the incorporation 
of a displaceable vane (not shown) as described in Fig- 
ures 1 to 4. Vibrating head (41) contacting the carrier at 
exposure frame (59) causes medicament to be released 
from the carrier, where it may be entrained by the 
patients inspiratory efforts. 

Figures 5a to 5c illustrate sections through an 
inhaler having a housing comprising a body portion (45) 
and a cover (47) pivotal ly mounted at (49) movable 
between a closed format shown in Figure 5a and an open 
format shown in Figured 5c. The inhaler is maintained in 
a closed position whilst not in use providing a compact, 
convenient shape minimising contamination from dirt, 
moisture ingress etc. 

The housing has one or more integral air vents (95), 
which are exposed when the device is in the open format, 
and defines an aerosolisation chamber (11) in commu- 
nication with a patient port (23), having a mouthpiece 
adaptor (25). Within the chamber are integral carrier stor- 
age spool (51), idler (97) having four lobed catches (99) 
of equal dimension, and carrier take up spool (55) having 
a pawl (101) and ratchet (103) allowing unidirectional 
rotation of the spool (indicated by the arrow of Figure 5c) 
when idler catch (99) is released. 

In an alternative embodiment (not shown) the carrier 
storage spool (51) or both spools may be incorporated 
into a disposable cassette and the housing assembly is 



modified to receive the cassette and allow replacement 
thereof. 

The device is cocked for use by fully opening the 
cover (47) causing tensioning of the drive spring (115) 

s which acts n drive peg (107) which is engaged in a slot 
(109) in carrier take up spool (55). Rotation of take up 
spool (55) by the drive peg (107) is prevented by the 
engagement of displaceable idler catch (99) with vane 
pivot axle (111). Opening the device exposes the patient 

10 port and mouthpiece adaptor to the patient. 

Figure 5b illustrates the actuation of the device by a 
developing airstream as the patient inhales. Vane (31) 
provides indirect breath actuation means and may addi- 
tionally prevent through device exhalation by the patient. 

is The vane is pivoted so as to be displaceable when an 
airflow is generated through the device from the exterior 
via vents (95) to the patient port (23). Unidirectional dis- 
placement of vane (31 ) is provided by the vane engaging 
stop (43). The vane may have a width equal to the patient 

20 port such that upon exhalation the vane sealing contacts 
stop (43) preventing the ingress of moist, exhaled air. In 
the home (non-displaced) position the vane engages 
catch (99) preventing carrier advance. Inhalation dis- 
places vane (31) into recess (1 1 3) whilst displacing and 

25 freeing idler catch (99) from engagement by vane pivot 
axle (111) and allowing idler (97) to complete the cycle 
until the following catch (99a) re-engages the vane pivot 
axle. The curvature of each catch aids the stepwise 
engagement of vane pivot axle (111) to define dosage 

30 lengths of carrier. 

Referring to Figure 5c, medicament is removed from 
the carrier by a combination of acceleration/deceleration 
impaction and the action of scraper (114). With idler (97) 
free from interruption the tensioned spool (55) rapidly 

35 winds up carrier (57) under the influence of drive spring 
(105) moving drive peg (107) until the passage of idler 
(97) is abruptly halted by the next catch (99a) re-engag- 
ing pivot axle (111). The resulting momentum of medi- 
cament particles, the impaction due to the arresting of 

40 carrier velocity and the resulting vibration of the carrier 
aid medicament removal. The curvature of idler (97) 
bends the carrier with drug coating outwards as each 
new unexposed section is indexed onto the idler (97) and 
exposed to the airstream, thereby easing the release of 

45 powder. Scraper (114) aids the release of medicament 
by contacting the exposed area of carrier prior to take up 
and mechanically displaces the medicament particles. 
After use the device is returned to the closed format by 
the patient, the drive peg (1 07) being returned to its orig- 

so inal position under the influence of return spring (105). 

Figures 6a and 6b illustrate alternative embodi- 
ments of a variation of the inhaler illustrated in Figures 
5a to 5c. Both devices are shown in the inactive closed 
format. 

55 Figure 6a illustrates an inhaler having a spring 
biased cam follower comprising a spring (117), biasing 
wheel mounting (119) and cam follower wheel (121). 
Cam follower wheel (121) engages and travels the sur- 
face of cam (123) during cam rotation. Cam (123) has 
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an essentially square cross section and abuts idler (125) 
having four displaceable catches (127) of equal dimen- 
sions. Vane (31) provides indirect breath actuation 
means and may form a one way valv preventing exha- 
lation through the inhaler The device is cocked as 5 
described previously for Figures 5a to 5c, movement of 
the carrier being prevented by engagement of catch 
(127) with vane pivot axle (111). 

When the patient inhales, vane (31) is displaced into 
recess (113). Idler (125) is no longer blocked allowing 10 
carrier (57) to be drawn onto take up spool (55). As the 
carrier is taken up, passage of cam follower wheel on the 
surface of cam (123) for the first 45° of rotation com- 
presses spring (117) such that during the second part of 
the cycle (a further 45° rotation), cam follower wheel 15 
(121) causes the cam to rotate faster than take up spool 
(55). A loop of carrier (not shown) develops until idler 
(125) rotation is prevented by engagement of following 
catch (127a) with vane pivot axle (111). Subsequently 
the loop of carrier is snapped tight by take up spool (55) 20 
causing release of medicament into the airstream. 

Figure 6b illustrates an inhaler having a cam assem- 
bly comprising a central cam (129) of essentially square 
cross section abutting a guide wheel (131) bearing car- 
rier (57) and an interrupter wheel (133) having, at the 25 
four compass positions, circular elements (135) of equal 
dimensions and freely rotatable about an axis; a spring 
biased cam follower comprising a spring (1 17) biasing 
wheel mounting (119), supporting cam follower wheel 
(121) and an interrupter assembly comprising a rocker 30 
arm (139) pivoting about pivot point (155) and bearing a 
peg (143) and a catch (145) having a spring leaf (147). 
Catch (145) is able to pivot about pivot point (141). Cam 
follower wheel (121) engages and travels the surface of 
central cam (129) during rotation of the cam assembly. 35 
Rocker arm (1 39) is biased by the action of a weak spring 
(1 49) . fixed between peg ( 1 51 ) of body (1 ) and slot (1 53). 
such that the rocker arm nose (155) stepwise engages 
circular elements (135) at every 90° rotation of the cam 
assembly. 40 

The device depicted illustrates alternative embodi- 
ments to the format of the drive (1 15) and return (105) 
springs described previously and the idler/ratchet mech- 
anism ensuring unidirectional rotation of carrier take up 
spool (55). 45 

In use, the device is cocked as described for Figures 
5a, 5c and 6a by opening of the cover, whereby drive peg 
(107) is tensioned by the activity of drive spring (115). 
Unidirectional (clockwise) rotation of take up spool (55) 
is effected by the action of spindle (158) having a series so 
of stepped projections (159) engaging the spring leaves 
(161) of the spool in the reverse (anti-clockwise) direc- 
tion. Tensioned drive peg (107) imparts a slight rotation 
to take up spool (55) causing tightening of any slack car- 
rier (57). Rotation of the take up spool (55) is prevented ss 
by the engagement of rocker arm (1 39) to the interrupter 
wheel (133), but the rocker nose (155) is caused to be 
displaced slightly on the circular element (135a). The 
slight lift imparted to the rocker nose (1 55) in a reciprocal 



motion about the pivot causes catch (1 45) to engage the 
curved surface (163). The curved surface (163) directs 
catch (145) to rest upon vane (31) Vane (31) provides 
indirect breath actuation. 

Patient inhalation through mouthpiece adaptor (25) 
displaces vane (31) into recess (1 13) as described pre- 
viously Rotation of the vane about pivot point (165) 
causes the displacement of catch (145). As catch (145) 
is displaced from a blocking to a non-blocking position, 
rocker arm (139) is lifted by interrupter element (135a) 
thus allowing rotation of the cam assembly. Rocker arm 
(139) is maintained in contact with the surface of inter- 
rupter wheel (133) by spring (149) so that it contacts the 
following interrupter element (135b). This provides a 
stepwise mechanism (every 90° rotation of the cam 
assembly) for carrier exposure. Co-operation of central 
cam (129) and spring biased cam follower cause a loop 
of carrier to be formed which is snapped tight causing 
release of medicament particles as described in Figure 
6a. 

Other examples of devices in accordance with the 
invention are disclosed in our British Patent Application 
No. 8909891 filed on the 28th April, 1989 and in EP-A-0 
472 598. 

Claims 

1. A dry powder inhaler (1) comprising a housing (3) 
defining a chamber (1 1) for receiving a dose of pow- 
dered medicament in communication with a patient 
port (23) in the form of a mouthpiece (25) or nasal 
adapter, the inhaler additionally comprising: 

deagglomeration/aerosolisation means (14, 
41 , 63, 69, 89, 1 14) to deaggtomerate and/or assist 
aerosol isation of said dose of powdered medica- 
ment, which means is operable by a patient-inde- 
pendent energy output source (13, 115) 
characterised in that: 

the powdered medicament is preloaded upon an 
elongate carrier in the form of a tape, and the inhaler 
is constructed and arranged such that areas of tape, 
of a predetermined size, are sequentially exposed 
within said chamber, and the inhaler additionally 
comprises: 

detection means (31) to detect patient inspi- 
ration through the patient port, and 

control means (19, 71, 99, 127) to actuate 
said deagglomeration/aerosolisation means in 
response to detection of patient inspiration by said 
detection means (31). 

2. A dry powder inhaler as claimed in claim 1 in which 
the patient-independent energy output is derived 
from a spring (115), or other biasable resilient 
energy storage means, a battery (13) or a source of 
compressed or liquefied gas. 

3. A dry powder inhaler as claimed in claim 1 or claim 
2 in which the deagglomeration/aerosolisation 
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means comprises means for impacting, striking or 
vibrating the dose of medicam nt 

4. A dry powder inhaler as claimed in any preceding 
claim in which the impacting means comprises a s 
biased hammer (69) arrangem nt or a sol noid (61) 
and plunger rod (63). 

5. A dry powder inhaler as claimed in claim 3 in which 
said vibration means produces vibrations in the fre- 10 
quency of from 5 to 250,000Hz and is electrical, 
piezoelectric, electromagnetic or mechanical. 

6. A dry powder inhaler as claimed in claim 5 in which 
the means for vibrating comprises a solenoid-type is 
vibrator (1 7, 41), rotating cams or serrated wheels. 

7. A dry powder inhaler as claimed in claim 1 in which 
the deagglomeration/aerosolisation means com- 
prises: 20 

(i) means for brushing (89) or scraping (114) an 
exposed area of the tape or powder transfer 
member by rotary or reciprocal motion, 

(ii) means for dragging the tape or powder trans- zs 
fer member across a surface having irregulari- 
ties, or an edge or corner having a smalt radius 
such that the surface of the elongate carrier 
material bearing powdered medicament is 
given a sharp convex curvature, 30 

(iii) means causing an unexposed area of the 
elongate carrier or powder transfer member to 
advance rapidly into the chamber during inha- 
lation by the patient and come to an abrupt halt 
causing medicament release, or, 35 

(iv) means (123, 55) causing an unexposed 
length of elongate carrier to take the form of a 
slackened loop, which upon inhalation is rapidly 
straightened to cause medicament release. 

40 

8. A dry powder inhaler as claimed in claim 1 in which 
the deagglomeration/aerosolisation means com- 
prises a propeller or an impeller generating a flow of 
air turbulence causing medicament release. 

45 

9. A dry powder inhaler as claimed in any preceding 
claim in which the detection means comprises a 
movable vane (31), the vane being movable upon 
inhalation through the patient port (23) to trigger said 
control means to actuate said deagglomeratiorvaer- so 
osolisation means. 

10. A dry powder inhaler as claimed in any preceding 
claim in which the powdered medicament has a par- 
ticle size in the range of 1 to lO^im and comprises ss 
one or more drugs selected from bronchodilators, 
corticosteroids, anorectics, anti-depressants, anti- 
hypertensive agents, antineoplastic agents, anti- 
cholinergic agents, dopaminergic agents, narcotic 



analgesics, p-adrenergic blocking agents, prostag- 
landins, sympathomimetics, tranquilisers, steroids, 
proteins, peptides, vitamins, sex hormones and 
drugs for the phophyiaxis of asthma. 

11. A dry powder inhaler as claimed in claim 10 in which 
the medicament is SaJbutamol, Terbutaline, Rim- 
iterol, Fentanyl, Fenoterol, Pirbuterol, Reproterol, 
Adrenaline, Isoprenaline, Ociprenaline, Ipratropium, 
Beclomethasone, Betamethasone, Budesonide, 
Disodium Cromoglycate, Nedocromil Sodium, 
Ergotamine, Salmeterol. Fluticasone, Formoterol, 
Insulin, Atropine, Prednisolone, Benzphetamine, 
Chtorphentermine, Amitriptyline, Imipramine, Clori- 
dine, Actinomycin C, Bromocriptine, Buprenorphine, 
Propranolol, Lacicortone, Hydrocortisone, Fluoci- 
nolone, Triamcinolone, Dinoprost Xylometazoline, 
Diazepam, Lorazepam, Folic acid, Nicotinamide, 
Clenbuterot, Bitofterol, Ethinytoestradiol and Leven- 
orgestrel and pharmaceutical! y acceptable salts 
thereof. 

Patentanspruche 

1 . Trockenpulver-lnhalator (1 ), mit einem Gehause (3), 
das eine, Kammer (11) zur Aufnahme einer Dosis 
eines pulveridrmigen Medikaments in Verbindung 
mit einer PatientenOffnung (23) in Form eines Mund- 
stQcks (25) Oder eines nasalen Adapters definiert, 
wobei der Inhalator zusatzlich aufweist: 

eine DeagglomerisierungsVAerosolisierungsein- 
richtung (14, 41 , 63, 69, 89, 114), um die Dosis des 
pulverformigen Medikaments zu deagglomerisieren 
und/oder bei der Aerosolisierung zu helfen, die 
durch eine Patienten-unabhangige Energiequelle 
(13, 115) betrieben wird, dadurch gekennzeichnet, 
da/5: 

das pulverformige Medikament auf einen langen 
Trager in der Form eines Bandes vorgeladen wird 
und der Inhalator so konstruierl und angeordnet ist, 
da(3 Bereiche des Bandes mit einer vorbestimmten 
GrOGe nacheinander in der Kammer exponiert wer- 
den, und der Inhalator zusatzlich aufweist: 
eine Detektionseinrichtung (31), um die Einatmung 
des Patienten durch die Patient enOffnung zu detek- 
tieren und eine Steuereinrichtung (19, 71, 99, 127), 
um die Deagglomerisierungs-/Aerosolisierungsein- 
richtung ats Antwort zur Detektion der Einatmung 
des Patienten durch die Detektionseinrichtung (31) 
in Bewegung zu setzen. 

2. Trockenpulver-lnhalator nach Anspruch 1, in dem 
die Patienten-unabhangige Energie von einer Feder 
(115), Oder einer anderen spannbaren federnden 
Energiespeichereinrichtung, einer Batterie (13) 
oder einer Quelle von komprimiertem oder verflOs- 
sigtem Gas stammt. 
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3. Trockenpulver-lnhaiator nach Anspruch 1 Oder 2, in 
dem die DeagglomerisierungsVAerosolisierungs- 
einrichtung eine Einrichtung zum Schlagen, StoRen 
oder Vibrieren der Medikamentendosis aufweiet. 

5 

4. Trockenpulver-lnhaiator nach einem der vorstehen- 
den Anspruche, in dem die Schlageinrichtung eine 
gespannte Hammeranordnung (69) Oder ein Sole- 
noid (61) und Kolbenstab (63) aufweist 

10 

5. Trockenpulver-lnhaJator nach Anspruch 3, in dem 
die Vibrationseinrichtung Vibrationen im Frequenz- 
bereich von 5 bis 250 000 Hz erzeugt und elektrisch, 
piezoelektrisch, elektromagnetisch oder mecha- 
ntsch ist is 

6. Trockenpulver-lnhaJator nach Anspruch 5, in dem 
die Einrichtung zur Vibration einen vibrator (17, 41) 
vom Solenoid-Typ, rotierende Nocken oder Zahnra- 
der aufweist. 20 

7. Trockenpulver-lnhaiator nach Anspruch 1, in dem 
die Deagglomerisierungs-/Aerosolisierungseinrich- 
tung aufweist; 

25 

(i) eine Einrichtung zum BQrsten (89) oder Krat- 
zen (114) eines exponierten Bereichs des Ban- 
des oder Pulverubertragungsbauteils durch 
Rotation oder Hin- und Herbewegung, 

(ii) eine Einrichtung zum Ziehen des Bandes 30 
oder Pulverubertragungsbauteils Qber eine 
Oberflache mrt Unebenheiten oder eine Kante 
oder Ecke mit Weinem Radius, so da 3 der Ober- 
flache des gedehnten Tragermaterials, das das 
pulverf ormige Medikament tragt, eine stark kon- 35 
vexe Krummung gegeben wird, 

(iii) Vorrichtung, die bewirkt da 3 ein unexpo- 
nierter Bereich des gedehnten Tragers oder 
Pulverubertragungsbauteils wahrend der Inha- 
lation durch den Patient en schnell in die Kam- 40 
mer vorwartswandert und zu einem abrupten 
Hart kommt, der die Freisetzung des Medika- 
ments bewirkt oder 

(iv) Vorrichtung (123, 55), die bewirkt, daB ein 
unexponiertes StOckdes gedehnten Tragers die 45 
Form einer gelockerten Windung annimmt. die 

bei Inhalation schnell gestreckt wird, um die 
Freisetzung des Medikaments zu bewirken. 

8. Trockenpulver-lnhaiator nach Anspruch 1 , in dem so 
die Deagglomerisierungs-/Aerosolisierungseinrich- 
tung einen Propeller oder einen Impeller urrrf a Bt, der 
einen Strom von Luftturbulenzen erzeugt, der die 
Medikamentenfreisetzung bewirkt 

55 

9. Trockenpulver-lnhaiator nach ein em der vorstehen- 
den Anspruche, in dem die Detektionseinrichtung 
einen beweglichen Flugel (31) aufweist, wobei der 
FlOgel durch Inhalation durch die PatientenOffnung 



(23) beweglich ist, um die Steuereinrichtung auszu- 
IGsen, um die Deagglomerisierungs-/Aerosolisie- 
rungseinrichtung zu betatigen. 

10. Trockenpulver-lnhaiator nach einem der vorstehen- 
den Anspruche, in dem das pufverf ormige Medika- 
ment eine PartikelgrGGe im Bereich von 1 bis 10 um 
besitzt und ein oder mehrere Arzneimrttel aufweist, 
die aus Bronchodilatoren, Corticosteroid en, Ano- 
rektika, Antidepressiva, Mitteln gegen zu hohen 
BlLrtdruck, antineoplastischen Mitteln, anticholiner- 
gen Mitteln, dopaminergen Mitteln, narkotischen 
Analgetika, p-Adrenozeptorenblockern, Prostaglan- 
din en, Sympathomimetika. Tranguilizem, Steroid en, 
Proteinen, Peptiden, Vrtaminen SexuaJhormonen 
und Arzneimitteln zur Prophytaxe von Asthma aus- 
gewahrt sind. 

11. Trockenpulver-lnhaiator nach Anspruch 10, in dem 
das Medikament Salbutamol, Terbutalin, Rimiterol, 
Fentanyl, Fenoterol, Pirbuterol, Reproterol. Adrena- 
lin, Isoprenalin, Ociprenalin, Ipratropium, Becfome- 
thason, Betamethason, Budesonid, 
Dtnatriumcromoglycat, Nedocromil Natrium, Ergo* 
tamin, Salmeterol, Fluticason, Formoterol, Insulin, 
Atropin, Prednisolon, Benzphetamin, Chlorphenter- 
min, Amitriptylin, Imipramin, Cloridin, Actinomycin 
C, Bromocriptin, Buprenorphin, Propranolol, Laci- 
corton, Hydrocortison, Fluocinolon, Triamcinclon, 
Dinoprost, Xyfometazolin, Diazepam, Lorazepam, 
Folsaure, Nicotinamid, Clenbuterol, Bitolterol, Ethi- 
nyloestradiol und Levenorgestrel und pharmazeu- 
tisch vertragliche Salze davon ist. 

Revendications 

1 . InhaJateur de poudre seche (1 ) comprenant un boT- 
tier (3) definissant une chambre (11) pour recevoir 
une dose de medicament en poudre en communi- 
cation avec un orifice (23) pour le patient sous la 
forme d'un embout (25) ou d un adaptateur nasal, 
l inhalateur comprenant de plus : 

un moyen de desagglomeration/dispersion 
en aerosol (14, 41 , 63, 69, 89, 114) pour desagglo- 
merer et/ou faciliter ta dispersion en aerosol de 
laditedosede medicament en poudre, lequet moyen 
est actionnable par une source d'energie fournie 
independante du patient (13, 1 15), 
caracterise en ce que : 

le medicament en poudre est prealablement 
charge sur un support allonge sous la forme d'un 
ruban et l inhalateur est fabrique et agence de telle 
sorte que des aires de ruban, d'une taiile predeter- 
minee, soient successivement exposees a I1nt6rieur 
de ladite chambre et linhalateur comprend de plus : 

un moyen de detection (31) pour detecter 
inspiration du patient par I'orrfice du patient, et 

un moyen de commande (19, 71, 99, 127) 
pour actionner le moyen de desagglomeration/cfis- 
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I'inhalation est rapidement tendue pour provo- 
qu r la liberation de medicament. 

8. Inhalateur d poudre seche suivarrt la revendication 
5 1, dans lequel le moyen de desagglomeration/dis- 

persion en aerosol compr nd un propulseur ou un 
agrtateur produisant une circulation turbulente d air 
provoquant la liberation de medicament. 

10 9. Inhalateur de poudre seche suivant Tune quelcon- 
que des revendications precedentes, dans lequel le 
moyen de detection comprend une lamelle mobile 
(31), la lamelle pouvant se deplacer lors de I'inhala- 
tion par I 'orifice (23) du patient pour declencher 1e 

15 moyen de commande prectte de maniere a action- 
ner le moyen de desagglomerati on/dispersion en 
aerosol susdrt. 



persion en aerosol susdrt en reponse a la detection 
d'une inspiration du patient par le moyen de detec- 
tion (31) precite. 

2. Inhalateur de poudre seche suivant la revendication 
1, dans lequel I'energie fournie independante du 
patient provierrt d'un ressort (1 15) ou de tout autre 
moyen de conservation d'energie resilient sollicita- 
ble, d'une pile (1 3) ou d'une source de gaz comprime 
ou liquefie. 

3. Inhalateur de poudre seche suivant Tune ou I'autre 
des revendications 1 et 2, dans lequet le moyen de 
desagglomeration/dispersion en aerosol comprend 
un moyen pour effectuer un impact, percuter ou faire 
vibrer la dose de medicament. 

4. Inhalateur de poudre seche suivant I'une quelcon- 
que des revendications precedentes, dans lequel le 
moyen dlmpact comprend un agencement de mar- 
teau (69) a rappel ou un solenoTde (61) et une tige 
de piston (63). 

5. Inhalateur de poudre seche suivant la revendication 
3, dans lequel le moyen de vibration produit des 
vibrations dans la frequence de 5 a 250.000 Hz et 
est electrique, piezoelectrique, electro-magnetique 
ou mecanique. 

6. Inhalateur de poudre seche suivant la revendication 
5, dans lequel le moyen pour faire vibrer comprend 
un vibreur du type a solenoTde (1 7, 41), des cames 
rotatives ou des roues dentelees. 

7. Inhalateur de poudre seche suivant la revendication 
1 , dans lequel le moyen de desagglomeration/dis- 
persion en aerosol comprend : 

(i) un moyen pour brosser (89) ou gratter (114) 
une aire exposee du ruban ou de ('element de 
transfert de poudre par un mouvement rotattf ou 
alternatif, 

(ii) un moyen pour entralner le ruban ou Tele- 
ment de transfert de poudre sur une surface 
comportantdes irregularis ou un bord ou coin 
ayant un petit rayon de maniere a conferer a la 
surface de la matiere formant support allonge 
porteuse de medicament en poudre une cour- 
bure convexe accentuee, 

(iii) un moyen permettant de faire avancer rapi- 
dement une aire non exposee du support 
allonge ou de I'element de transfert de poudre 
dans la chambre au cours de I'inhalation par le 
patient et de de provoquer son arret brusque en 
provoquant la liberation du medicament ou bien 

(iv) un moyen (123, 55) permettant a une lon- 
gueur non exposee du support allonge de pren- 
dre la forme d une boucle relachee, qui lors de 



1 0. Inhalateur de poudre seche suivant Tune quelcon- 
20 que des revendications precedentes, dans lequel le 

medicament en poudre a une taille de particule dans 
la gamme de 1 a 10 fim et comprend un ou plusieurs 
medicaments choisis parmi les bronchodilatateurs, 
les corticosteroTdes, les anorecttques, les antide- 

25 presseurs, les agents antihypertenseurs, les agents 
antineopiastiques. les agents anticholinergiques, 
les agents dopaminergiques, les analgesiques nar- 
cotiques, les agents de blocage p-adrenergiques, 
les prostaglandines, les sympathomtmetiques, les 

30 tranquillisants, les steroid es, les prolines, les pep- 
tides, les vitamines, les hormones sexuelles et les 
medicaments pour la prophylaxie de I'asthme. 

1 1 . Inhalateur de poudre seche suivant la revendication 
35 10, dans lequel le medicament est le salbutamol, la 

terbutaline, le rimrterol, le fentanyl, le fenoterot, le 
pirbuterol, le reproterol, I'adrenaline, I'isoprenaitne, 
I'ociprenaline, ripratropium, la bedomethasone, la 
betamethasone, le budesonide, le cromogtycate 

40 disodique, le nedocromil sodium, I'ergotamine, le 
salmeterol, la fluticasone, le formoterol, I'insuline, 
('atropine, la prednisolone, la benzphetamine, la 
chlorphentermine, ramitriptyline, I'imipramine, la 
cloridine, I'actinomycine C, la bromocriptine, la 

45 buprenorphine, le propranolol, la lacicortone, 
Itiydrocortisone, la f luodnolone, la triamcinolone, le 
dinoprost, laxylometazoline, le diazepam, le loraze- 
pam, I'acide fblique, le nicotinamide, le clenbuterol, 
le bitotterol, l ethinyloestradiot et le levenorgestrel 

so ainsi que leurs sels pharmaceutiquement accepta- 
bles. 



55 



13 



EP 0 470 154 B1 




14 



EP 0 470 154 B1 




15 



EP 0 470 154 B1 




16 



EP 0 470 154 B1 



Fig.5a. 




Fig.5b. 
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Fig.Sc. 
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Fig.6a. 
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Fig.bb. 
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